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THE EFFECT OF CITY SMOKE ON 
VEGETATION
BY A. L. BAKKF,.*
A  study of the smoke problem in Des Moines establishes 
clearly that the smoke and gases emitted by its many power 
and heating plant chimneys have a harmful effect upon trees, 
shrubs and other vegetation. To a large extent, plants serve as 
good indicators of smoke contamination in a community.
In the immediate neighborhood of the smoke emitting estab­
lishments in Des Moines, only a few of the most resistant plants 
grow, all others being eliminated, A  little farther away, where 
the smoke and gases are not so dense, some additional plants are 
found and so as the distance increases the number of plants in­
creases until an area is reached where the air is not much con­
taminated and vegetation is normal. Around each large man­
ufacturing establishment the vegetation may be mapped in belts 
of varying width, in each of which certain forms of plant life 
may be found, depending on susceptibility of smoke injury. In 
much the same way the entire area of Des Moines may be mapped 
in belts according to the influence of smoke injury on vegetation.
So marked is the action of smoke on vegetation, that if Des 
Moines is to be beautified by trees, shrubs and other plants, 
smoke prevention must be brought about, and as new plants are 
set out, they must be chosen according to their resistance to 
smoke injury.
The purpose of the investigation was to show the general na­
ture of the smoke problem as it centers about the vegetation of 
this particular city, to point out the fact that plants serve as 
good indicators of smoke contamination, to discuss the funda­
mental nature of smoke, and to suggest methods that will aid in 
giving at least less smoke than at the present time.
This investigation was conducted in Des Moines because this 
city offered good opportunity for it. However, Des Moines is 
not different from the average American city with well devel­
oped industries, for every city of any size has a similar smoke 
problem. In Des Moines, the principal factories are located in 
the heart of the city. On a foggy day the whole business sec­
tion is covered with a cloud of dense smoke. Even on clear 
days there is enough smoke in the air to be detected by any 
one. Des Moines has regulations against smoking chimneys and 
a smoke inspector, but the inspector must fight hard for every 
inch of progress he makes for smoke prevention.
. *The author acknowledges the assistance of Harry McNutt, smoke 
inspector for the city of Des Moines, in co-operation in the field work 
and for general criticisms. He is also indebted to Dr. L. H. Pammel, 
Dr. A. W . Dox and Miss Harriette S. Kellogg for favors granted.
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GEOLOGICAL FEATURES INCREASE DBS MOINE'S PROBLEM.
The peculiar location of Des Moines adds much to its smoke 
troubles. The city is situated chiefly in the valleys of the Des 
Moines and Raccoon rivers. The Raccoon river flows into the 
Des Moines from the southwest. It has a marked valley with a 
well developed flood plain. The upper valley is narrow and 
steep sided, while the lower is broad and has a well developed 
flood plain. The bottom land below the fork, according to 
Bain,1 is from three to four miles wide. Its borders are well 
marked in that its hills rise abruptly to a height between 100 to 
135 feet above the flood plain. There is still a further rise until 
a general altitude of approximately 160 feet is reached. The 
same author states that the intermediate part of the course of 
the Des Moines river flows through a narrow valley flanked 
by high bluffs, mainly composed of coal measure strata, that 
are capped by loess and Wisconsin drift. That part of the Des 
Moines river which is below the mouth of the Raccoon river has 
been filled in with drift to a considerable depth. As far as this 
location bears upon the smoke problem it may be said to be un­
fortunate. The smoke congregates in the valley on foggy days, 
while on clear days it is disseminated to the residential portions 
to a greater degree than should occur. These various physio­
graphic conditions give variation to the forms of vegetation. 
The species of the flood plains are different from those of the 
drift areas and the loess.
SOURCES OF SMOKE IN DES MOINIES.
In Des Moines it is convenient to divide the sources of smoke 
emission into four classes: (1) Smoke from general manufac­
turing plants or from large buildings; (2) smoke from special 
concerns; (3) smoke emitted by locomotives; (4) smoke given 
off from the chimneys of dwelling houses.
In the first division there are many representatives, including 
the stacks or chimneys of large office,' Store, hotel and other 
buildings, and small factories, all of which push their contents 
out into one general stream. In Des Moines this is a serious 
part of the problem. It so happens as a result of the gaseous 
emanations that the majority of “ down town”  districts of our 
American cities do not have any trees. There are often other 
influences in operation, but the smoke is the main factor, which 
places the trees of the business district of a large town in the 
usual pathological condition in which, in the majority of cases, 
they are found. In dealing with these sources of smoke it is 
important to know not only the general accumulative effect but 
how much each plant contributes so that each manufacturer 
may be made to feel that the smoke from his own chimney
iBain, H. F.— Geology of Polk County Iowa Geol. Surv. 7:263-412, 1896.
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. is at least partly responsible for the smoke and soot in the busi­
ness district. In getting at the specific amount of smoke emitted 
by each offending chimney such a system as the Ringelmann2 
scale assists materially.
Smoke emitted from special concerns comprising the second 
division is another important factor in the problem. The ter­
ritory immediately surrounding any of the larger establish­
ments3 are examples of the second division., It so happens that 
some of these manufactories are not so situated that the effect 
of their smoke upon vegetation can be readily noted. But in the 
majority of cases, the various manufacturing plants are sur­
rounded by concentric plant belts that are governed by the 
amount of smoke given forth. In the case of a plant at East 
Fourth and Maple streets, its smoke undoubtedly caused the 
general destruction of trees and elimination of various forms 
of vegetation in that neighborhood. The oaks in this vicinity 
appear somewhat abnormal when at the junction of Pennsyl­
vania and Cleveland avenues the same species show a normal 
development. The smoke emitted at this point is responsible for 
the use of the term “ Smoky row”  for that portion of East 
Fourth street.
In the third division, railroad terminals must still be held ac­
countable for a great deal of smoke. A  city with extensive rail­
road yards where much switching goes on will have an additional 
amount of smoke thrown upon it. Railroads have come to be 
regarded as the greatest violators of smoke ordinances. The 
best solution for this part of the problem would be the electri­
fication of city terminals, but a city like Des Moines would 
probably abide by the opinion that the locomotive is too efficient 
to be laid aside. For such a situation, mechanical smokers,4 
such as must be installed on all locomotives entering Pitts­
burgh on the Pennsylvania Railroad, West,, by April, 1914, 
would serve as a solution. Round houses, with their many loco­
motives switching back and forth, also necessarily come under 
this third division.
In the vicinity of such sources of smoke in Des Moines, the 
plants designated as annuals or herbaceous perennials, such as 
the cocklebur (Xantkium canadense Mill), green foxtail (Se­
taria viridis (L) Beauv.), Beggar-ticks (Bidens discoidea T. & 
G-.), milkweed (Asclepias verticillata), sunflower (Eelianthus 
annuus L ), golden-rod (Solidago canadensis L .), crab grass (Dig- 
itaria sanguinalis (L) Scop.), sweet clover (Melilotus alba Desr.), 
old-witch grass (Panicum capillar e h ) ,  and evening primrose
2Trans. A. S. M. E. U: 97-99, 1900.
3During 1913, the Barber Asphalt Paving Co. installed an entire 
smokeless plant. It will be interesting matter to see how far the work 
of the engineer and of the botanist will check in the replenishing of 
species of plants in the district.
4Searle, J. M„ Industrial. W orld 47: 129-131. 3 Feb. 1913.
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Figs. 1 and 2.— Leaves of the Soft Maple. (Acer Saccharinum L. ) The illustration at the left shows the general appearance of 
leaves under normal conditions, while that at the right gives the shrunken leaves of trees in smtoke belt.
7
Bakke: The effect of city smoke on vegetation
Published by Iowa State University Digital Repository, 1914
387
( Oenothera biennis L) are either stunted in growth or have a 
decreased leaf area. The curtailed growth development of these 
weeds is of no economic importance, yet they act as indicators 
of the effect produced upon the cottonwoods, locusts and other 
trees farther away.
When two different concerns are placed close together it is 
not easy to separate the injury caused by the one from that 
produced by the other. Experiments at Cleveland5 performed 
by the Lake Shore & Michigan Southern, the Erie, and the Penn­
sylvania railroads for certain of their round houses, where they 
have developed a washing process, or where coal is used in 
starting fires, show that even here smoke can be eliminated.
The domestic fire place or chimney is often exempted in the 
discussion of the smoke question of a city. But although resi­
dential chimneys can not be considered in the same category as 
the stacks of large manufacturing concerns, yet they often fur­
nish marked examples of imperfect combustion. Cohen and 
Ruston’s6 work at Leeds shows that a factory chimney has a 
soot containing more ash than the domestic chimney, but that 
the chimney contains a greater per cent of tar. The amount 
of smoke in the residential districts from such a source is neces­
sarily small when compared with that emitted by manufacturing 
plants, special concerns and railroads. But principles of com­
plete combustion should be understood and observed by people 
fortunate enough to live in the residential districts.
SMOKE BELTS
All other conditions being equal the amount of smoke will 
vary with the distance from the source. As one travels out 
from the heart of the city to the suburbs, or to the residential 
portions, the amount of smoke decreases. This is well illustratd 
in the city of Leeds by Cohen & Ruston7 when rain* water was 
collected at various points. The samples taken in the center of 
the city wqre almost black, while those taken in the residential 
portions were practically colorless. Although no test of this kind 
was carried out at Des Moines, it is certain that conditions are 
similar. However, it often happens that special concerns 
interrupt the belt formation and construct smoke belts about 
themselves - as a center.
Through observations made in a smoke region of Chicago, it 
was found that plants serve as smoke indicators. The willow 
and the cottonwood are among the most resistant of trees, but 
trees having large thin leaves are ordinarily not able to stand 
the poisonous effect of the various gases or the corroding of the 
acid in the tar of the soot. Some other forms of plant life are 
very sensitive to smoke injury. Lichens are killed by mere
“Industrial W orld 47:134, 3 Feb. 1913.
“Smoke: A study of town air p. 5. London 1912.
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traces of smoke. This was particularly noticeable in the case 
of the outcropping rocks of Stony Island, situated more than 
two miles from South Chicago, 111. All other conditions neces­
sary for lichen development were there, but the smoke was the 
exclusion factor. Another plant that serves the purpose of a 
good smoke indicator is Pleurococcus, the green growth on the 
north side of trees. In the summer of 1912 in the immediate 
vicinity of the University of Chicago there was scarcely any of 
this alga visible. In the smoke survey of Des Moines this plant 
had a conspicuous place, for it is easily recognizable and at the 
same time is sensitive to small amounts of gases.
Because of the varying density of smokes in the different areas 
around a chimney, and because of the sensitiveness of plants to 
smoke influence, the vegetation near a source of smoke may be 
mapped out in belts.
THE FIRST BELT.
The first belt, known as the general elimination belt or belt 
of restricted annuals, is comparatively narrow and does not 
naturally occupy a large territory probably not more than five 
hundred feet in width, yet it illustrates the “ survival of the fit­
test.”  The immediate territory around any special concern is 
such an area. The three representative plants found in it are 
old-witch grass (Panicum capillare L .), crab-grass (Digitaria 
sanguinalis (L) Scop.), prostrate pigweed (Amaranthus bli- 
toides (W ats)).
THE SECOND BELT.
The second belt begins where the first one leaves off and ad­
mits into its area a number of other annuals or herbaceous per­
ennials such as the following: peppergrass (Lepidium apetalum 
L .), green foxtail ( Set aria viridis (L) Beauv.), bur marigold 
(Bidens discoidea (T. & G.) Britton), Mexican fire-weed 
(Kochia scoparia (L) Schrad), wild lettuce (Lactuca canaden­
sis L .), spotted spurge (Euphorbia Preslii Guss.), horse-weed 
(Erigeron canadensis L .), knotweed (Polygonum dumetorum 
var. cristatum (Engelm & G ray)), Goldenrod (Solidago ulmi- 
folia Muhl.), goldenrod (Solidago serotina Ait.), catchfly (Silene 
noctiflora L .), yarrow (Achillea Millefolium L .), rattle-snake 
root (Prenanthes alba L .), evening primrose (Oenothera biennis 
L .), mallow (Malva- rotundifolia M.), smartweed (Polygonum 
pennsylvanicum L .), cockleburs (Xanthium canadense Willd., 
and Xanthium echinatum Murr), charlock (Brassica arvensis 
(L) Ktze.), sweet clover (Melilotus alba Desv.), rough pigweed 
(Amaranthus retroflexus L .), white weed (Erigeron annuus (L ) 
Pers.), curled-dock (Rumex crispus L .), pigweed (Amaranthus 
hybridus L.),. ragweed (Ambrosia artemesiifolia L .), yellow fox­
tail (Setaria glauca (L) Beauv.).
’ Smoke: A study, of town air London p. 14. 1912.
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Pig. 3.—a  photograph taken in smoke belt 1 showing 
what is meant by elimination through the effect of 
smoke.
Pig. 4.—These trees located near an asphalt plant show 
the detrimental effect of asphalt and tar vapors.
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These two specimens of cocklebur (Xanthium canadense Mill.) were collected in smoke belt 2 but the one w 
the right was approximately fifty feet closer to the smoking plant.and 6.Fi£S.
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Using one of the special manufacturing concerns of Des Moines 
as a center, this belt would include an area having three times 
the diameter of the first belt. For the city itself, it would be 
rather difficult to lay down explicit limits, for there is a general 
grouping together of the second and third belts. Although the 
second belt contains these various herbs, they can not he con­
sidered as very prosperous, for nearly all of them are either 
deformed or have a decreased leaf surface. Often there is a 
premature defoliation. At other times the leaf tissue that re­
mains is covered with a tar compound, sufficient to make an 
impression on the hand when brought in contact with it.
THE THIRD BELT.
The third belt in Des Moines includes the herbaceous forms 
that were present in the first and second, and such other forms 
as blue grass (Poa pratensis L .) , dandelion (Taraxacum officinale 
Weber), iron weed (Vernonia Baldwinii Torr.), butter and 
eggs (Linaria vulgaris Hill), cone flower (Rudbeckia laciniata 
L .), Mexican drop seed^Muhlenbergia mexicana (L) Trin.), 
hemp ( Cannabis Sativa L .), Culver’s-root ( Veronica virginica 
L.), anemone (Anemone virginiana L .), orach (Atriplex patula 
L .); stink grass {Eragrostis major, Host.), vervain (Verbena 
stricta Vent), artichoke (Helianthus tuberosus L .), hedge bind­
weed or morningglory ( Convolvulus sepium (L )) .
The willow is conspicuous in this belt and so is considered 
able to withstand a large amount of smoke. The cottonwood 
(Populus deltoides Marsh), in a more or less unhealthy state, 
is associated with the willow in this belt. Where other factors 
enter in to exclude the willows the cottonwood may be present, 
as stated above. This belt takes in territory of the city that may 
be considered as the real business section, extending north to 
High street; east to East Fourth street; south to Davis avenue; 
and west »to Nineteenth street.
THE FOURTH BELT.
The fourth belt is marked by the presence of many deciduous 
trees. In the survey of the smoke district at South Chicago the 
writer noted two different belts for the deciduous trees other 
than the willow. In this Des Moines survey it seems advisable 
to map out only one. The willow and the cottonwood as found 
in this territory are in a thriving condition. In addition there 
are present the following tree species: locust (Robinia Pseudo- 
Acacia L .), elm ( Ulmus americana L .), ash (Fraximus amer- 
icana L .), sycamore {Platanus occidentalis L .), soft maple (Acer 
saccharinum L .), bur oak (Quercus macrocarpa L .), white oak 
(Quercus alba L .), red oak (Quercus rubra L .), the boxelder 
{Acer negundo L.). The annuals found here are not different
13
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from those of the previous belt. Here and there a scrawny pine 
may he noted.
THE FIFTH  AND SIXTH  BELTS.
In the fifth belt, or the conifer belt,, the pines have a normal 
supply of needles. The inner border of this area touches East 
Eighteenth street on the west, the neighborhood a short distance 
below Davis avenue on the south, Twenty-ninth street on the 
west, and Crocker street on the north.
The sixth belt, or the Pleurococcus area, has its initial mark­
ings on the west side at Thirty-second street; on the south, just 
below South Park; on the north, at the river; and on the east, at 
Twenty-fourth street.
It will he noticed from the accompanying map that the belts, 
even in the restricted areas, are not necessarily hounded by per­
fectly concentric rings, hut that external conditions, such as the 
direction of the prevailing wind, modify the belt areas. In 
Chicago there is a considerable difference in the vegetation at 
Washington Park and in Jackson Park. The latter is swept by 
the Lake breezes, and in the former there is greater damage to 
evergreen trees.
SUSCEPTIBILITY OF PLANTS TO SMOKE
The marking out of the various belts is made possible by the 
differences in smoke susceptibility among different plants. Cer­
tain plants, on account of their anatomical character, are able 
to withstand adverse conditions better than others.
In cross sections of their leaves, the thickness of the cuticle, 
the compactness of the cells and the smoothness of the euticular 
layers show that there is tied up in the mechanical structure 
means by which smoke action can he reduced. In sections of the 
leaves of the cottonwood and the sycamore, the epidermal layers 
of the latter are thicker than those of the former, but the 
cells of the sycamore are not as compact as those of the cotton­
wood. The sycamore leaves are not as heavily cutinized as the 
cottonwood, and possess a wavy or undulating surface in which 
the tar of the soot lodges. That there may be other causes for 
varying susceptibility to smoke which are probably connected 
with the chemical processes in the interior of the leaf cannot he 
doubted.
From the survey, it has been found that the conifers are more 
susceptible than deciduous trees. But Hedgecock8 has pointed 
out that even conifers differ. The order of susceptibility, accord­
ingly is as follows: Alpinfir (Abies lasiocarpa (Hook) (N utt)), 
Douglas fir (Pseudotsuga mucro'nata Sudw.), Lodgepole pine
sTorreya 12. No. 2. Feb. 1912.
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Figs. 7 and 8— Leaves of the cottonwood (Populm deltoides Marsh). Those to the left were r o i l e d  I 1  „
to the right, in smoke belt 3 1 WGre collected in smoke belt 4 ; those
15
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■ppi a* o — Leaves of the American elm ( Ulmus Americana L.) collected in a 
' smoke region.
Finns contorta Dougl.), Western yellow pme (Picea Engel- 
xannii (Parry) Eng.), Limber pme {Finns flexihs Jm ), 
loeky Mountain juniper {Juniperus scopulorum Sarg.), Uwart 
uniper (Juniperns communis L .). This same author has round 
! rather interesting situation in the Deerlodge National forest 
n the smelter zone where the damage done to wood destroying 
ungi is no more than that in near-by forests. Old firs and 
lines have such heart rots'as Polyporus Schwemitzn and Ira-
16
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metis pini. But certain rusts as Peridermium elatinum, P. colo- 
radense, Phragmidium, Melampsora, and Roestelia species are 
almost absent in the smelter zone. These; statements make it 
all the more evident that a great variation, with reference to 
the smoke and gas factor, exists in plants.
It has been pointed out that lichens are killed by traces of 
smoke. Furthermore many green house plants are also very 
sensitive. Illuminating gas permeating the ground for a consid­
erable distance is often of sufficient strength to obstruct at least 
the normal development of such plants. Wilcox9 in a late report
“Report Neb. State Hort. Soc. 1911; 278-285.
11 and 12.— Leaves of the honey locust ( Gleditschia triacanthos L .), 
those in upper picture collected in a smokeless territory and those in 
lower picture in a smoke area.
17
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has cited a case of this kind in a green house at Omaha. Stone10 
has noted similar conditions elsewhere at an earlier period. 
Crocker and Knight11 have shown that ethylene (1-2,000,000) is 
sufficient to cause the so-called “ sleep”  of carnations. Accord­
ing to Porter and Ovitz12 smoke contains such gases as ethylene.
THE NATJJEE OF SMOKE
The varying action of smoke on vegetation just discussed de­
pends also on the nature of smoke and that depends very much 
on combustion. According to Gebhardt13 smoke is produced by
the following causes: • ,
1. An insufficient amount of air for the perfect combustion
of the volatile gases.
2. An imperfect mixture of air and combustible ^  material
3. A  temperature too low to permit a complete oxidation of
the volatile combustible material.  ^ £
Breckenridge states the matter in the following way: The
problem of smoke prevention is the problem of perfect combus­
tion. In the complete combustion of carbon, the product is C02. 
If sufficient oxygen is not provided, it will happen that each car­
bon atom will combine with one oxygen atom thus forming car­
bon monoxide (CO). As a result of this incomplete combustion, 
the heat developed in only 4400 British thermal units (B. t. u.). 
The carbon monoxide may itself combine according to the for­
mula CO-f 0 = C 0 2 and the heat developed will be the differ­
ence 14500—4400=10100 B. t. u., per pounds of carbon in the 
carbon monoxide. ”  This statement brings out the economic as­
pect of the situation as far as the manufacturer is concerned. 
In addition to the amount lost in this way it has been estimated 
that the smoke damage to property in Chicago alone for a year 
amounts to $17,600,000. In order that complete combustion in 
practice may be brought about, it is necessary to have an excess 
of air and at the same time have temperature high enough to 
unite the carbon and oxygen. Otherwise there is an incomplete 
union and a loss in heating units.
Most of the work of smoke abatement and prevention falls 
into the hands of the smoke inspector who treats the subject 
chiefly from the enginer’s point of view. E. P. Roberts,33 chief 
smoke inspector, of Cleveland, Ohio, gives the following rea­
sons why furnaces smoke: First, furnaces and grates are not 
properly constructed; second, there is a lack of draft; third, 
firemen are unskilled; fourth, there is lack of an efficient com-
10Report of Mass. Agr. Exp. Sta. 1906; 180-185.
«Bot. Gaz.-^-46: 259-27.6 1906.
12Dept. of Int. Bur. of Mines Bull. I. . .
«Gebhardt, G. A.— Steam power plant engmeermg. p. 124.
1911
“ industrial World 47: 132 No. 5. Feb. 3,-. 1913.
New York,
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Figs. 13 and 14.— These two photographs show the contrasts in vegetation that may be found in contiguous territory. That on 
the lett shows the general appearance of annuals and herbaceous perennials under normal conditions. That on the left, 
taken 100 feet from the other on the same day, shows the effect of smoke.
897
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THE PRODUCTS OF COMBUSTION.
off when the coal is heated. When coal is neateu m a,
the volatile content, consisting largely of methane and ethylene,
4« riT.ivpn off. Tf the volatile gases should not enter into a region
of Barnard and ivicivuee~ at iuuidua^uu0. ^  km j ------
they estimated a deposit of 10.28 pounds per acre per day, or 
1200.7 tons per square mile a year.
A  very important feature of the smoke problem lies m the 
nature of the soot. According to Cohen and Ruston16 soot con­
sists of carbon, tar and ash (mineral matter), together with I 
small quantities of sulphur, arsenic and nitrogen compounds 
which frequently possess an acid character. If the soot con­
tained nothing more than carbon and ash, the first ram would 
wash the material off. But a quantity of tar is always given 
off along with the other products. This tarry substance is re­
sponsible for the general sooty appearance of an industrial com­
munity that is so familiar to every one entering it. This tarry 
substance adheres to brick work and plate glass, and from the 
latter it can not he washed off with water. Vegetation m such 
a community has much the same appearance as the brick or 
boarded walls, in that its leaf surfaces soon become coated with 
soot This is well illustrated in the instance of some cockleburs 
growing in the vicinity of the American Shoe Brake Foundry 
C o ’s works in Chicago. These plants had a coating of tar thick 
enough to be pared off with a knife. A similar situation though
THE NATURE OF SOOT.
London 1912 p. 4.
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Fig. 15.— This particular form of defoliation is due to smoke.
not quite as well marked was noted last fall in the coeklebnrs 
growing in a smoke area at Des Moines.
Soot is often acid and when this is the case the soot not only 
adheres as a varnish hut corrodes the body with which it comes 
into contact. This is what gives the roughened surface to brick 
and stone walls along with the tar coating. Leaf surfaces under 
such conditions generally take on a burned, contorted appear­
ance.
ANALYSES OP COAL.
Monroe L.’ Patzig formerly of the Des Moines city testing divi­
sion furnished the following analyses o f coals used in that city; 
they were made February 27, 1912:
Description Per cent Moisture
Per cent 
Volatile 
Matter
Per cent 
Fixed 
Carbon
Per cent 
Ash
Per cent 
Sulphur
B T. U. 
per lb. of 
Coal
l- Maple Block 
Coal by Carbon 
Coal Co. to City
-Library Bldg,..
S t e a m coal 
from E v a n s -
11.92 34.09 - 31.44 22.55 - • 7.56 9.995
Blount C o ___ 1
3- S t e a m  coal 
from Glemvood
11.90 32.00 33.32 22.18 22.05 9.951
Coal Mine..,____ 10.10 33.19 33.81 22.9 23 .3a 9.951
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The analyses show the high ash and sulphur content of Iowa 
coals.
CHEMICAL CONTENT OF FIRST BELT VEGETATION.
Having in mind the high percentage of sulphur in the coal 
used most extensively in Des Moines, the writer was led to believe 
that vegetation in the first, or elimination, belt would have a 
greater S 03 content than dhose grown in the second or third 
belts. This was substantiated by the following analyses made 
by Mr. Patzig.
Description. %  SOs (Dry Material )
No. 1. Panicun capillar e (Old-witch grass)..................................................
Smoke region near the Iowa Pipe and Tile Co................................. ..
No. 2. Same. , .. .
No. 3. Setaria viridis (Green fox tail) collected near the yards
of the Great Western at South Des Moines----- -------• •
No. 4. Setaria viridis (Green fox tail) collected a hundred yards
north of the College Heating Plant at Am es........... ..................ggj
PHYSIOLOGICAL FACTORS IN PLANT INJURY BY
SMOKE
The behavior of plants under different conditions of smoke 
necessarily has a significant bearing in this study. One of the 
main functions that any green plant performs is to manufacture 
sugar and starch from carbon dioxide, (C 02,) and water through 
the aid of light. This process is known as photosynthesis. When 
an atmosphere is laden with smoke this process of photosynthesis 
or building up, is not performed in the normal manner. More-, 
over when the leaf is coated with the tarry substance just re­
ferred to, the intensity of the light its cells receive is further
diminished. I . H „ ,
A  great many of the investigators upon the subject of smoke 
injury to plants have pointed out that the minute openings or 
stomata between the cells of the epidermis of the leaf play no 
direct- part. It is claimed that thé gaseous emanations enter 
directly As to conifers this opinion does not appear logical. 
In cross sections made of the pine of a smoke region, the author 
has found the stomata to be filled at least partially with a tarry 
compound. Cohen and Ruston have also emphasized this point 
in their study of the silver fir at Leeds. Such a deposit then 
must interfere with the intake of carbon dioxide and oxygen, 
and with the transpiration stream. Comparisons made by weight 
demonstrate that the amount of tarry material is much greater 
for pines growing in a semi-smoke region, than for those grow­
ing in a smokeless territory.
22
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Fi 16.— General appearance of locusts and cottonwoods 
near a roundhouse in South Des Moines Fig. 17. The smoke issuing from the stacks came into direct 
contact with the trees with the results shown.
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jr'ig jg.— Scenes like these are common along railway 
rights-of-way, the effect of the smoke being marked 
many times.
Fig. 19.^The picture of these oaks with their full 
i foliage was taken at the same time as the photo­
graph at the left, both in Des Moines. 24
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LEAF SURFACE IS DECREASED.
I  Photosynthesis is also diminished by a decrease in the leaf sur-
tace. This is brought about by the following methods:
leaf ' a °^SS *ea^ets when a plant possesses a compound
. 2- assuming abnormal shapes such as are caused by curl­ing. J
3. By the formation of lesions or spots.
Frequently the writer has observed the loss of leaflets in the 
case ot the honey locust ( Gleditsia triacanthus L.), and the com- 
A.U-St Pseud°-Acacia L.) in Bessemer Park of
DesMoine08^0’ *n tbe ease of locusts in the smoke belts at
Leaves take on abnormal shapes, such as curling or twisting 
when exposed to rather large and continuous quantities of sul- 
phur dmxide, S 02 The cottonwoods of the business section in 
Des Moines provide a good, example. The elms near the Des 
Moines water works pumping station and the trees bordering the 
railroad right of ways are other examples. When a leaf curls or 
twists on its axis, the amount of leaf surface is cut down in 
many cases as much as one-half.
Lesions or spots are more apt to be produced when the amount 
t sulphur dioxide S 02, and other gases varies. Such cases are of
h ° ce™ n(;e ln growing near power plants that are
red. It is true also that the nature of the manufacturing 
process may to a certain extent be responsible. At first small 
B  formed, which later grow together until sometimes
¿ i l T . ° \ leraf 1S+1?ne MM brown area- Such leaves generally tall long before they should.
EFFECT OF DIFFERENT SMOKE CONSTITUENTS.
The effect of the various constituents that may be present in 
o e is Well illustrated by using Pleurococcus and exposing it 
to small amounts  ^of sulphur dioxide, S 02, and acetylene. When 
acetylene and S 02 (1-3900) were used separately and the green 
alga allowed to remain m the gas for four days a well marked 
p smo ysis was present. Where there was a mixture so that the 
wo gases were equal in volume to the one, a greater plasmolysis 
was present. Associated with the amount of shrinkage was an 
t h f l aSV n i e amount of tannin, the greater the plasmolysis, 
g eater the amount of tannin. Gatin18 has emphasized his dis- 
very of the accumulation of considerable cork deposit in the 
leat petiole.
The conclusion of the foregoing experiment is that the two 
gases exert an antagonistic action, and as such act physiologically
“ Ann. des. Sci. Nat. Bot. 15: 165-256. 1912.
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the same as when sodium chloride and calcium chloride salts17 
are used in connection with Spirogyra cells. A  mixture then of 
two gases would produce a greater toxic action than where only 
one gas is present. This relation is linked with the problem of 
perfect combustion as has been advocated by engineers. A l­
though S 02 has been proved to he detrimental to foliage devel­
opment, yet it must he admitted that S 02 can he taken care of 
more readily alone, than in a mixture of various gases.
SMOKE AND THE STORAGE OF FOOD.
For normal development, tree food must not merely supply 
the immediate needs, but must also be stored up in the tree. 
Reserve food is stored from the base of the trunk upward. When 
the process of photosynthesis has been cut down in the manner 
indicated, there is not always enough material to complete this 
storage so that the tips of the branches will he taken care of. 
These parts will then be the first to give notice of the abnormal 
relations. In examining the starch of pine needles taken from a 
region containing more smoke than those taken from another, 
there appeared to be a direct ratio between the amount of starch 
and the amount of smoke.
A  good illustration of this point is found in the elms in the 
parking of the Des Moines water works pumping station. By 
the middle of September of that year the leaves were brown in 
color and scant in number The tops of the branches were dead, 
indicating insufficient food as the causative factor. As to the age 
of these trees, one would naturally assume that they were twelve 
or thirteen years old, but the superintendent said that the trees 
had been planted twenty-five years before. On examining the 
growth rings of these elms and comparing them with those of 
trees in a smokeless region a great difference was at once ap­
parent. The superintendent also said that hundrds of dollars 
had been spent on trees and shrubbery, hut most of the plants 
had died. The elms were able to withstand the smoke that was 
present better than the shrubbery, hut they, too, were dying 
back farther each year and finally will succumb by the slow 
starvation route.
The whole question of the physiology of plants affected by 
smoke resolves itself into a question of sufficient food supply and 
assimilation. The diminished illumination, the cutting down of 
the carbon dioxide, C 02, and oxygen supplies, the interfer­
ence with the transpiration stream, and the cutting down of the 
leaf surface, all point to the conclusion that normal photosyn­
thesis does not occur.
’ 17Osterhourt, W . J. V. The permeability of living cells to salts in 
pure and balanced solutions. Science N. S. 34:187-189. 1911.
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RESULTS OF OTHER INVESTIGATIONS
The action of smoke upon vegetation has had the attention of 
scientists for a good many years. As early as 1845 it was no­
ticed that smoke from manufacturing plants had an injurious 
effect upon vegetation. Rettstadt19 pointed out that forest trees 
in the vicinity of a silver smelter were injured. Stockhard20 a 
few years later confirmed this report. Girardin“1 found that 
illuminating gas had an injurious effect upon street trees. 
Schroeder and Reuus22 in 1883 brought together in one book the 
more important contributions that had been made to the subject 
up to that time. The same can be said of Hasselhoff and 
Lindau’s work, which was extended to the year 1903.
In the United States the published accounts on the subject 
are not as extensive as are those of Germany. Buckhout23 states 
that injury from gases comes as a result of the chemical constit­
uent of the deposit and not by the clogging of the stomata. Wid- 
stoe24 has studied the effect of smelter fumes and other wastes 
of Utah smelters. The most extensive work of this kind upon 
smelter wastes has been done by J. K. Haywood25 in the vicmity 
of the famous smelter at Anaconda, Montana. He finds first, 
that trees are injured for a considerable distance; second, that 
very small amounts of S 02 are toxic to plant growth;^ third, that 
water used for irrigation purposes often has sufficient copper 
in it to cause it to be toxic to plant growth; fourth, that certain 
plant forms such as the Juniper are more resistant than others; 
fifth, that the soil is not a means of conduction. Harkness and 
Swain26 have experimented upon the feasibility of using high 
stacks and large condensing flues. Crocker and Knight27 have 
studied the effect of illuminating gas and ethylene upon flower­
ing carnations. Richards and McDougal28 give evidence to show 
that carbon monoxide is . also toxic to plant growth. It is not 
so marked in its effects as illuminating gas.
Italy is well represented in Brizi’s29 work. He made an ex­
tensive investigation as to the effect of S 02, Hcl, and other gases 
upon vines, cereals, and shade and frijit trees. His general con­
clusions are that the injury takes place from the exterior and 
not through the roots as a medium and that injury is made mam-
19Allgem. Forst. u. Jagd. Zrg. 1845.
“ Polytechn. Central bl. 1850: 257.
21Tahresbr f  Agrikulturchem 7 : 199 18b4.
“ Die Beschâdigung der Vegetation durch Rauch und die Oberharzei 
Huttenrauchschaden. Berlin 1883.
28Report of Penn. State College 1900: 2 9 7 - 3 2 4.
24Bull. Utah Agr. Exp. Sta. 88: 193. I
“ Bull Bureau of Chem. U. S. Dept, of Agri. 89. 1905.
Journ. Americ. Chem. Soc. SO: 998-1009. 1907.
“ Journal Amer. Chem. Soc. 30; 970-998. 1907.
27Bot. Gaz. 46: 256-276. 1906.
“ Bull. Torrey Bot. Club. SI: 57-61. 1906
“ Stazione Sperementali Agarie Italiane 36. 279-383. 1903.
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Fig. 22.—Leaves of the white popular (Populus alba L.). This tree has 
proven to be resistant to smoke.
» 1  ca? sin2 plasmolysis, derangement of chloroplasts, cell 
disintegration and a deficiency in the food supply.
H i & H  a.s :l  M i  investigation, Crowthers and Rus- 
tvr. . ? ! Lted  °Tlt M  the ^tmosphere of a town of an industrial 
Z i L  S  a+S, Leeds contains enough gaseous impurities to be 
lb  ^ / ^ t a t i o n  there. These impurities directly H  
P.h?tosynthetic powers of the leaf and indirectly re- 
the activity of organisms in the soil. Further -than this, 
H  “ en have demonstrated that such plants as the timothy 
when I i KM -n a smoke region, have a greater fiber content than 
when grown-m a smokeless area. A  later publication by Cohen 
and Ruston31 brings out results similar to those of the earlier
the effect of tar from paved roads is 
tbp vL  +5 +° the mvestlgations upon the smoke problem for 
the reason that so many of the various distillation products are 
the same. In addition there are the solid particles, which act in 
a manner similar to soot.
1911.
Air London 1912. 
Botanique 15: 165-256. 191?
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SUGGESTED METHODS FOB ELIMINATING SMOKE.
It is not the purpose of this paper to 
or plans of cutting down the amount of smoke m 
center The greater part of such work naturally falls mt° the 
hands'of the engineer. It is intended merely to suggest practices
which have been more or less successful. I . , .
Special concerns must in each case necessarily give special at­
tention to the nature of the particular smoke 
from their chimneys. It was thought at one r f g & g W  
kilns could not operate without smoke, hut the installation by 
the Barber Asphalt Paving Co. of fixtures whereby the plant 
became practically smokeless last year dispels this view 
For the general solution of the problem, complete combustion is 
the way. Mechanical stokers are to a great extent solving t 
problem for the larger plants, and the gravity Butch ovens for
the smaller plants. _  . u«
It has been held generally that Iowa coal, on account oi i s  
high sulphur content and other ash constituents, must continue 
to smoke According to the statement of McNutt« this theory is 
entirely dispelled by providing a large grate surface, an area 
which is approximately 30% greater than for Illinois coa .
For industrial and commercial cities like Des Moines it is pro­
posed to put into every plant or building of any considerable 
size mechanical stokers or devices, that will give rise to complete 
combustion so that C 02 and S 02 may be the only substances
• off
gl As* Des Moines is located in a low valley, the smoke naturally 
does more harm than if the city were situated on a plain or 
elevation. To overcome this feature, it is proposed to erect stacks 
so tall that the S 02 coming forth will be diluted to such an ex­
tent as to be harmless at least to the deciduous trees. On foggy 
days the smoke centers in the valley. But as foggy ^ jys ar® 
comparatively few in number, this solution is probably the most 
satisfactory for the conditions at hftnd. _ n1
As a solution of the smoking by locomotives and roundhouses, 
means by which smoke can be lessened, have already been re­
ferred to in the early part of this publication.
Another partial assistance to a solution of the problem, as far 
as vegetation is concerned, is to set out only such plants as are 
able to stand traces of smoke. As has been pointed out plants 
vary greatly in this respect.
»Report of Smoke Inspector of Des Moines 1912.
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CONCLUSIONS
eonelusionsf °f ^  pr°blem at Des Moines leads fe the following
vegetation* ff| |  ^  Smokes have a deleterious action upon
b e m a n n e d * alJ0ut a manufacturing concern may 
m m , § E  ff’ m T #  of concentric belt demarcations, each 
elt being represented by a certain form or forms of plant life
o fe rs  Pl“ te ^  “ °re StlSCeptible t0
3. That an industrial city like Des Moines, in its plant 
elimination process is governed by the same set of conditions as 
are m operation for a single manufacturing plant in suchcases 
there is a coalescing of the first two belts 
4 That smoke prevention concerns itself with complete com
STL p m g M  " d
to smoke are recommended f o r ^ l S ^
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